Specifications TableSubject areaChemistry, Environmental SciencesMore specific subject areaAdsorptionType of dataTable, image, graph, figureHow data was acquiredSEM (JEOL Model JSM - 6390LV), EDX (JEOL JSM-7600F FEG-SEM model), FT-IR(Thermo Nicolet, Avatar 370), XRD (Bruker AXS D8 Advance diffractometer model), BET analyser (Quanta Chrome Nova-1000 surface analyser), CHNS analyser (Elemental Vario EL III model), Ion selective electrode (HANNA Model No. HI 4522), pH meter (ELICI LI 120)Data formatAnalyzedExperimental factorsThe developed adsorbent from *Azadirachta indica* bark characterized and performed its capability for removal of fluoride from aqueous solution.Experimental featuresDevelopment of adsorbent, characterization by ultimate, proximate and instrumental analysis, performance of adsorbent for removal of fluoride by adsorption method.Data source locationDr. Ambedkar College, Deeksha Bhoomi, Nagpur, IndiaData accessibilityData is accessible with this articleRelated research articleN. G. Telkapalliwar, V. M. Shivankar, Adsorption of Zinc onto Microwave assisted carbonized Acacia nilotica bark, Material Today Proceedings, 5 (2018) 22694--22707 [@bib1].**Value of the Data**•Data showed that the modification of conventional absorbent can be used to remove fluoride with greater enhancement.•Characterization data of the MACAIB is useful for the scientific community to complete studies related to fluoride adsorption.•Data of isotherms, kinetics and thermodynamics is informative for predicting and modeling of the adsorption of fluoride from aqueous solution by MACAIB.•Data of this project can be used to improve drinking water quality.

1. Data {#sec1}
=======

The FT-IR, SEM, EDX and XRD results of removal of fluoride before and after fluoride adsorption from aqueous solution are shown in [Fig. 1](#fig1){ref-type="fig"}, [Fig. 2](#fig2){ref-type="fig"}, [Fig. 3](#fig3){ref-type="fig"}, [Fig. 4](#fig4){ref-type="fig"}, [Fig. 5](#fig5){ref-type="fig"}. The effects of operational parameters such as pH [@bib2], [@bib3], [@bib4], agitation speed (20--180 strokes/min), an adsorbent dose (1--6 g/L), initial fluoride concentration (2--10 mg/L), contact time (30--300 minute) and temperature (303--333 K) of MACAIB on fluoride adsorption are presented in [Fig. 6](#fig6){ref-type="fig"}, [Fig. 7](#fig7){ref-type="fig"}, [Fig. 8](#fig8){ref-type="fig"}, [Fig. 9](#fig9){ref-type="fig"}, [Fig. 10](#fig10){ref-type="fig"}, [Fig. 11](#fig11){ref-type="fig"} respectively. The linear plots of four well known adsorption isotherms viz. Langmuir, Freundlich, Temkin and Dubinin-Radushkevich models are presented in [Fig. 12](#fig12){ref-type="fig"}, [Fig. 13](#fig13){ref-type="fig"}, [Fig. 14](#fig14){ref-type="fig"}, [Fig. 15](#fig15){ref-type="fig"} respectively. The rate and kinetics of fluoride adsorption onto the MACAIB material was studied via, pseudo first -order, pseudo second-order, Intra-particle diffusion and Elovich kinetic equation based models presented in [Fig. 16](#fig16){ref-type="fig"}, [Fig. 17](#fig17){ref-type="fig"}, [Fig. 18](#fig18){ref-type="fig"}, [Fig. 19](#fig19){ref-type="fig"} respectively. The data of change in enthalpy (ΔH) and change in entropy (ΔS) are estimated from the intercept and slope of a direct plot between Log K versus 1/T, [Fig. 20](#fig20){ref-type="fig"}. The obstruction of different counter ions on fluoride removal by MACAIB material was investigated and the results acquired were plotted as appeared in [Fig. 21](#fig21){ref-type="fig"}. The physico-chemical characterization data of MACAIB adsorbent material is illustrated in [Table 1](#tbl1){ref-type="table"}, [Table 2](#tbl2){ref-type="table"}. FT-IR absorption bands and possible functional groups of MACAIB before and after fluoride adsorption are presented in [Table 3](#tbl3){ref-type="table"}. The EDX analysis data of MACAIB before and after fluoride adsorption is illustrated in [Table 4](#tbl4){ref-type="table"}, [Table 5](#tbl5){ref-type="table"}. The four well known adsorption isotherms and kinetic equations are presented in [Table 6](#tbl6){ref-type="table"}. The adsorption isotherms and kinetic data for removal of fluoride onto MACAIB material are presented in [Table 7](#tbl7){ref-type="table"}, [Table 8](#tbl8){ref-type="table"}. The thermodynamic parameters calculated in the investigation are presented in [Table 9](#tbl9){ref-type="table"}. It was discovered that change in enthalpy (ΔH) varied from −28.452 to −17.591 kJ mol^−1^ in the initial fluoride concentration range of 2--10 mg/L, while the change in entropy (ΔS), varied from −0.081 to −0.066 kJmol^−1^ K^−1^.Fig. 1Fourier Transform Infrared (FTIR) spectra of MACAIB before and after fluoride adsorption.Fig. 1Fig. 2**(a, b, c)**: SEM micrographs (10, 5 and 2 μm) of MACAIB before fluoride adsorption.Fig. 2Fig. 3**(a, b, c)**: SEM micrographs (10, 5 and 2 μm) of MACAIB after fluoride adsorption.Fig. 3Fig. 4EDX monograph of MACAIB before and after fluoride adsorption.Fig. 4Fig. 5Powder X-ray diffraction (XRD) of MACAIB before and after fluoride adsorption.Fig. 5Fig. 6Effect of pH on fluoride adsorption by MACAIB.Fig. 6Fig. 7Effect of agitation speed on fluoride adsorption by MACAIB.Fig. 7Fig. 8Effect of adsorbent dose of MACAIB on fluoride adsorption.Fig. 8Fig. 9Effect of fluoride concentration on its adsorption by MACAIB.Fig. 9Fig. 10Effect of contact time on fluoride adsorption by MACAIB.Fig. 10Fig. 11Effect of temperature on fluoride adsorption by MACAIB.Fig. 11Fig. 12Langmuir isotherm model for adsorption of fluoride by MACAIB.Fig. 12Fig. 13Freundlich isotherm model for adsorption of fluoride by MACAIB.Fig. 13Fig. 14Temkin isotherm model for adsorption of fluoride by MACAIB.Fig. 14Fig. 15Dubinin-Radushkevich (D--R) isotherm model for adsorption of fluoride by MACAIB.Fig. 15Fig. 16Plots of Pseudo first-order kinetic model for adsorption of fluoride on MACAIB.Fig. 16Fig. 17Plots of Pseudo second-order kinetic model for adsorption of fluoride on MACAIB.Fig. 17Fig. 18Plots of Intra-particle diffusion model for adsorption of fluoride on MACAIB.Fig. 18Fig. 19Plots of Elovich kinetic model for adsorption of fluoride on MACAIB.Fig. 19Fig. 20Plots of Log K versus 1/T for adsorption of fluoride by MACAIB.Fig. 20Fig. 21Effect of counter ions on fluoride adsorption by MACAIB.Fig. 21Table 1Proximate analysis of MACAIB material.Table 1S. N.ParametersValues1Bulk density (gm/cm^3^)0.462Moisture content%5.733Ash content %12.854Volatile matter content %16.445Fixed carbon content %64.986pH7.367Water Soluble Matter (%)0.938Acid soluble matter (%)3.87Table 2Ultimate analysis of MACAIB material.Table 2S. N.ParametersValues1Carbon %58.542Hydrogen %1.483Nitrogen %1.394Sulphur %ND5Oxygen %38.596Surface Area (m^2^/g)65.827Average Pore Diameter (A^O^)99.798Total Pore Volume (cc/g)0.11Table 3FT-IR absorption bands and possible functional groups of MACAIB before and after fluoride adsorption.Table 3IR PeaksBefore adsorptionAfter adsorptionDifferencePossible functional groups13422.203425.132.93-N-H and --O-H stretching22871.632917.9146.28Aliphatic -C-H asymmetric str.32514.852510.99−3.86-CH~2~ symmetric str.42356.702358.061.36Aliphatic --C-H asymmetric str.52055.85Disappeared--Aliphatic --C-H symmetric str.61794.561805.0910.53-C000000000000 000000000000 000000000000 111111111111 000000000000 111111111111 000000000000 000000000000 000000000000O stretching71434.851438.713.86-N-H bending81049.141054.925.78-C-N stretching9873.64873.640-C-O-C-, --C-N stretching10717.42708.39−9.03-C-O stretching11605.57576.64−28.93-C-C- deformations, -C-H deformations12711.64713.571.93-C-C- stretching.Table 4EDX analysis results of MACAIB before fluoride adsorption.Table 4ElementWeight %Atomic %C K51.1062.17O K35.4832.60Mg K0.460.28Si K0.290.16P K0.380.18K K0.310.12Ca K11.984.49Table 5EDX analysis results of MACAIB after fluoride adsorption.Table 5ElementWeight %Atomic %C K47.3756.32O K38.8238.09F K0.470.39Na K0.130.09Mg K0.470.29Si K0.280.15P K0.370.19Ca K12.094.48Table 6Empirical adsorption isotherm and kinetic equations and constant parameters [@bib9].Table 6Isotherm ModelsIsotherm Equations and Constant parametersKinetic ModelsKinetic equations and constant parametersLangmuir adsorption isotherm${q_{e} = \frac{\text{q}_{\text{m}}\text{K}_{\text{L}}\text{C}_{\text{e}}}{1 + \text{~~K}_{\text{L}}\text{C}_{\text{e}}}\ }\mspace{126mu}$(3)\
${\text{~~}\frac{\ C_{e}}{\text{q}_{e}} = \frac{1}{K_{L}q_{m}} + \frac{\ C_{e}}{q_{m}}}\mspace{108mu}$(4)\
$R_{L} = \frac{1}{\ 1\  + \text{~~K}_{\text{L}}\text{~C}_{0}}\mspace{112mu}$(5)Pseudo first-order kinetic model${\frac{dq}{dt} = k_{1} + \left( {q_{e} - q_{\text{t}}} \right)}\mspace{198mu}$(12)\
${log\left( {\ q_{e} - q_{\text{t}}} \right) = \text{log~}q_{e} - \left( {\frac{\text{~k}_{1}}{2.303}\ } \right)\text{t~}}\mspace{130mu}$(13)Freundlich adsorption isotherm$q_{e} = K_{F}C_{e}^{1/n}$(6)\
${lnq_{e} = lnK_{F} + \left( {1/n} \right)\text{~~ln}C_{e}}\mspace{54mu}$(7)Pseudo second-order kinetic model$\frac{dq}{dt} = k_{2}\left( {q_{e} - q_{\text{t}}} \right)^{2}$(14)\
${\ \left( \frac{t}{q_{t}} \right) = \left( \frac{1}{k_{2}q_{e}^{2}} \right) + \left( \frac{1}{q_{e}} \right)t}\ \ \ \ $(15)Temkin Isotherm$q_{e} = \frac{RT}{\text{b}_{\text{T}}}\text{~ln~}\left( \text{A}_{\text{T}}\text{~C}_{\text{e}} \right)$$q_{e} = \frac{RT}{\text{b}_{\text{T}}}\text{~ln~}\left( \text{A}_{\text{T}} \right)\  + \ \frac{RT}{\text{b}_{\text{T}}}\text{~ln~}\left( \text{~C}_{\text{e}} \right)$$B = \frac{RT}{\text{b}_{\text{T}}}$${q_{\text{e}} = BlnA_{T}\text{~~} + \text{~~~B~~ln}C_{e}}\mspace{180mu}$(8)Intra-particle diffusion model$\ q_{\text{t}} = k_{d}\text{t}^{1/2}\text{~~} + \text{~~~C~}$(16)Dubinin-Radushkevich isotherm$\ lnq_{e} = lnq_{D}\  - \text{~~}\left( K_{D} \right)\varepsilon^{2}$(9)\
$E = \frac{1}{\sqrt{2\text{~~}K_{D}\ }}$(10)\
${\varepsilon = RT\ \ln\left( {1 + \frac{1}{C_{e}}} \right)}\mspace{90mu}$(11)Elovich kinetic model$dq_{\text{t}} = Ae^{( - Bqt)}$(17)\
${\text{~~~}q_{\text{t}} = \left( \frac{1}{\text{B}} \right)lnAB + \left( \frac{1}{\text{B}} \right)lnt}\quad$(18)Table 7Adsorption isotherms parameters and coefficients for removal of fluoride on MACAIB.Table 7IsothermParametersTemperature303 K313 K323 K333 KLangmuirq~m~ (mg/g)0.9230.7550.6900.567K~L~ (L/mg)2.0912.8802.2222.393R~L~0.1930.1480.1840.173R^2^0.9970.9930.9970.998FreundlichK~F~ (mg/g)0.5750.4970.4380.3721/n0.2470.2330.2350.210N4.0494.2924.2554.762R^2^0.9640.8870.8830.864TemkinK~T~ (L/mg)50.31657.92848.74970.596B (J/mol)0.1530.1260.1160.089b~T~ (kJ/mol)16.48119.93621.81028.301R^2^0.9820.8980.9090.884Dubinin-Radushkevichq~D~ (mg/g)0.8170.7160.6470.540K~D~ (mol^2^/kJ^2^)3.84E-065.13E-066.54E-067.28E-06E (kJ/mol)0.3610.3120.2760.262R^2^0.9480.9690.9890.995Table 8Adsorption kinetics parameters and coefficients for removal of fluoride on MACAIB.Table 8Kinetic ModelParametersInitial fluoride concentrations (mg/L)246810Pseudo first-orderq~e~ (mg/g) \[Plot\]0.6060.5260.6880.9501.044q~e~ (mg/g) \[Expt.\]0.4320.6900.8050.8750.881k~1~ (min^−1^)0.5830.4470.5250.6220.573R^2^0.9510.9510.9360.9370.932Pseudo second-orderq~e~ (mg/g) \[Plot\]0.4240.6470.7930.8680.873q~e~ (mg/g) \[Expt.\]0.4320.6900.8050.8750.881k~2~ (g/mg min)0.5490.5290.5120.4450.343h (mg/g min) (10^−1^)0.0990.2220.3230.3340.250R^2^0.9840.9940.9960.9960.991Intra-particle diffusionk~d~ (mg/g min^0.5^)0.0180.0230.0230.0270.033C0.1340.3090.4320.4410.352R^2^0.9130.9410.9710.9450.945ElovichA (mg/g min) (10^−1^)0.2951.1323.1822.2430.997B (g/mg)10.2358.0248.2256.8745.743R^2^0.9180.9380.9690.9570.942Table 9Thermodynamic adsorption parameters for removal of fluoride onto MACAIB.Table 9C~0~ (mg/L)ΔH (kJ/mole)ΔS (kJ/mol K)ΔG (kJ/mole)303 K313K323 K333 K2−28.452−0.081−4.085−3.145−2.405−1.6534−21.023−0.064−1.728−1.110−0.6480.2496−17.391−0.057−0.0670.4521.0151.6538−20.257−0.0690.7101.2881.8872.82510−17.591−0.0661.6382.4712.8803.619

2. Experimental design, materials, and methods {#sec2}
==============================================

2.1. Preparation of adsorbent {#sec2.1}
-----------------------------

*Azadirachta indica* bark sample was collected from the local village area and cut into small pieces. The dried Azadirachta indica bark powder was carbonized on muffle furnace for 5 Hours at 500 °C. This carbonized bark powder was again activated in domestic microwave (900MW) with an interval of one minute for 30 successive minutes. The microwave assisted carbonized bark was then impregnated with 0.5 N sodium hydroxide and afterwards with 0.5 N sulphuric acid for 24 hours separately. The resultant carbon was washed with double distilled water until the point when a steady pH of the slurry was reached. The subsequent material was dried at 110^O^C in vacuum oven for 24 hours; grinded well and kept in air-tight plastic bottles for further use. The carbon material obtained from the bark of *Azadirachta indica* was later referred as microwave assisted carbonized *Azadirachta indica* bark **(MACAIB).**

2.2. Characterization of adsorbent {#sec2.2}
----------------------------------

The physico-chemical characterization such as proximate, ultimate and instrumental analysis of the MACAIB adsorbent were performed by BET surface analyser, CHNS elemental analyser, FT-IT, SEM, EDX and XRD [@bib2], [@bib3], [@bib4], [@bib5], [@bib6], [@bib7], [@bib8], [@bib9].

2.3. Fluoride adsorption experiments {#sec2.3}
------------------------------------

Batch adsorption experiments were carried out to find the adsorption capacity of MACAIB at different fluoride concentrations ranging from 2 mg/L to 10 mg/L. Samples of 50 ml each of fluoride solution of a particular concentration were shaken at 120 strokes/min for predetermined pH, adsorbent dose, contact time and temperature. The initial and final fluoride concentrations of the solutions were measured by using an ion selective meter (HANNA Model No. HI 4522) and Fluoride ion selective electrode (HANNA Model No. HI 4110). The fluoride adsorption capacities of the MACAIB were calculated using the equation [(1)](#fd1){ref-type="disp-formula"}:$$\text{q}_{\text{e}} = \frac{\left( {\text{Co} - \text{Ce}} \right)\text{~V}}{\text{m}}\ $$where m is the mass of adsorbent (g), V is the volume of the solution (L), C~0~ is the initial fluoride concentration (mg/L), C~e~ is the equilibrium fluoride concentration (mg/L) and q~e~ is the fluoride quantity adsorbed at equilibrium (mg/g). The percent removal of fluoride from the aqueous solution was evaluated by the equation [(2)](#fd2){ref-type="disp-formula"}:$$\text{\%~Fluoride~Removal~} = \frac{\left( {\text{Co} - \text{Ce}} \right)}{\text{Co}}\  \times \text{~~}100$$

The effects of pH, adsorbent dose, agitation speed, initial fluoride concentration, contact time and effect of temperature are studied for removal of fluoride from aqueous solutions by using MACAIB carbon material. Adsorption isotherm, adsorption kinetic and thermodynamic study was performed by varying respective parameters for adsorption of fluoride on MACAIB material by Batch adsorption experiments. Finally, desorption of fluoride and effect of different counter anions was studied for fluoride removal on MACAIB.

2.4. Adsorption isotherms {#sec2.4}
-------------------------

The adsorption isotherms are a standout amongst the most important methods for demonstrating the adsorption capacity of the adsorbent material and the mechanism of the adsorption system. This system expresses the precise connection between the concentration of fluoride adsorbate and its degree of adsorption onto adsorbent surface. The fluoride adsorption equilibrium records of MACAIB at four different temperature (303, 313, 323 and 333 K) have been analyzed by using four surely understood isotherm models, viz. Langmuir, Freundlich, Temkin and Dubinin-Radushkevich ([Table 6](#tbl6){ref-type="table"}) [@bib1]. It recognized that the experimental data fitted well to all these adsorption isotherm models. Correlation coefficients (R^2^) values demonstrated that Langmuir adsorption isotherm gives a decent model for the adsorption of fluoride on MACAIB material which depends on monolayer adsorption on to the surface limiting a finite number of identical adsorption sites. The appropriateness of the adsorption information to the Langmuir isotherm model suggested that the binding energy on the whole surface of the MACAIB adsorbent material was uniform and that adsorbate-adsorbate interaction was small. The values of various constants of four adsorption isotherm models were determined and presented in [Table 7](#tbl7){ref-type="table"}.

2.5. Adsorption kinetics {#sec2.5}
------------------------

The kinetic investigation of adsorption of fluoride from aqueous solutions plays a significant role because it shows crucial knowledge insight into the reaction pathways and mechanism of the fluoride adsorption process. The rate and kinetics of fluoride adsorption onto the MACAIB material was studied via, pseudo 1st -order, pseudo 2nd -order, Intra-particle diffusion and Elovich kinetic equation based models. The observed kinetic equations and kinetic parameters of adsorption kinetic models are discussed in [Table 6](#tbl6){ref-type="table"} [@bib1]. The adsorption kinetics experiments followed pseudo second-order kinetic model indicating to chemisorptions process. It is noted that Intra-particle diffusion mechanism was not the sole rate-controlling factor.

2.6. Thermodynamic study {#sec2.6}
------------------------

The Thermodynamic investigation is significantly more valuable as it gives powerful information on doing the adsorption process. Thermodynamic parameters of the adsorption system, for example, change in free energy (ΔG), change in enthalpy (ΔH) and change in entropy (ΔS) were determined at four different temperatures for initial fluoride concentrations 2 mg/L - 10 mg/L by using the equations [(19)](#fd19){ref-type="disp-formula"}, [(20)](#fd20){ref-type="disp-formula"}, [(21)](#fd21){ref-type="disp-formula"}. The Gibbs free energy (ΔG) for fluoride adsorption by MACAIB adsorbent material at all temperatures is obtained by using equation [(19)](#fd19){ref-type="disp-formula"}.$$\text{ΔG~} = \  - \text{R~T~ln~K~}$$$$\text{ΔG~} = \text{~ΔH~~} + \text{~~T~ΔS~}$$$$\text{ln~K~} = \ \frac{\text{ΔS}}{\text{R}}\  - \text{~~}\frac{\text{ΔH}}{\text{RT}}\ $$where, K represents adsorption equilibrium constant, T is Temperature in Kelvin and R is a Universal gas constant (8.314 J K^−1^mol^−1^). A linear plot of Log K versus 1/T can be applied to find out the values of ΔS and ΔH from the slope and intercept. The values of change in enthalpy (ΔH) and change in entropy (ΔS) are estimated from the intercept and slope of a direct plot between Log K versus 1/T ([Fig. 21](#fig21){ref-type="fig"}). The thermodynamic parameters calculated in the present study are presented in [Table 9](#tbl9){ref-type="table"}. Thermodynamic analysis proposes that removal of fluoride from aqueous solution by MACAIB material was an exothermic and spontaneous process.
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